In a wireless propagation channel, the channel for each user is independent. By using this characteristic, in orthogonal frequency division multiple access (OFDMA) systems, the multiuser diversity (MUDiv) gain is obtained. However, at high Doppler frequency, since channel state information (CSI) is changed between the head and latter of packets due to the fast fading channel, the system performance is degraded. Moreover, in this case, when the feedback delay is occurred, CSI is more changed and the system performance is more degraded. To solve these problems, in this paper, we propose the compensation of the deteriorated CSI allocation due to the fast fading channel and the feedback delay based on the turbo decision direct for MUDiv/OFDMA systems.
Introduction

Orthogonal frequency division multiplexing (OFDM) achieves high capacity transmission systems since it utilizes multicarrier systems and keeps the orthogonality between the adjacent subcarriers [1] . Therefore, OFDM is standardized such as wireless and broadband systems [2] . Moreover, as multiuser systems with an OFDM, OFDM access (OFDMA) has been proposed and is also standardized such as mobile and wireless communication systems [3] . OFDMA divides the frequency band and the subcarrier is assigned for each user. As a result, OFDMA can utilize the OFDM signal for each user in the same time and achieves orthogonal multiple access (OMA) systems [4] . Moreover, in OFDMA systems, the system performance is improved by obtaining the multiuser diversity (MUDiv) gain [5] .
In this paper, the moving of the terminal is assumed such as mobile communication systems. In this case, since the delay wave and the phase fluctuation are occurred due to the reflection and the refraction, multipath Rayleigh fading is occurred [6] . Moreover, in the frequency domain, it is occur to the selecting. Here, since this paper is assumed to obtain the MUDiv gain, the channel for each user is assumed to be independent. In this case, since the channel state for each user is also independent, the MUDiv gain is obtained in OFDMA systems by using this characteristic [7, 8] . In this paper, we assume that the subcarrier for each user is assigned in the good subcarrier channel at the frequency band based on the channel state information (CSI) with the first feedback. The CSI with the first feedback is called as the initial CSI. And then, the number of subcarriers for each user is fair. In MUDiv/OFDMA systems, the subcarrier allocation based on each strongest subcarrier channel obtains the best system performance, but its computational complexity is very large. In [7, 8] , the chuck and block allocations have been proposed and mitigate the computational complexity for the subcarrier allocation. This is because these consist of the block subcarrier from the continuous subcarrier channel and reduce the candidate for the subcarrier channel. However, in OFDM systems, many error is occurred at high Doppler frequency [9] . This is because CSI is changed between the head and latter of packets due to the fast fading channel. This problem is also occurred in MUDiv/OFDMA systems. Especially, in MUDiv/OFDMA systems, the MUDiv gain is to be small and the system performance is degraded due to the difference between the initial and real CSI. To compensate this problem, the pilot signal is inserted in the latter of packet [10] . However, since this method extends the packet length, the decision direct has been proposed [11, 12] . For sigle-input single-output (SISO) and multiple-input multiple-output (MIMO) OFDM systems, the decision direct compensates the above problem due to the fast fading channel by using the pilot signal at the head of packet and the detected signal. In this paper, we utilize the initial CSI instead of the pilot signal. Moreover, the turbo equalization is also effective in the fast fading channel [13] . On the other hand, in the fast fading channel environment, if the feedback delay is occurred, the MUDiv gain is to be further small [14] . This is because the feedback delay is also changed between the initial and real CSI. As a result, large deterioration of the system performance is occurred due to the fast fading channel and the feedback delay. Therefore, in this paper, we propose the compensation of the deteriorated CSI allocation due to the fast fading channel and the feedback delay based on the turbo decision direct for MUDiv/OFDMA systems. This paper is organized as follows. In Sect. 2, we present the system model for MUDiv/OFDMA systems. Then, we show the proposed compensation of the deteriorated CSI allocation in Sect. 3. And then, we evaluate the system performance by using the computer simulation in Sect. 4. Finally, we give the conclusion in Sect. 5. 
Notation
MUDiv/OFDMA systems
In this section, we show the system model for MUDiv/OFDMA systems.
Channel model
For the channel model, the channel impulse response for the user n consists of L discrete paths with the different delay time as
where
In this paper, since multipath Rayleigh fading is only assumed for the fading environment, we assume that the sum of the channel coefficients for the multipath is equal to one to normalize the channel power. After the fast Fourier transform (FFT) operation, the channel impulse response h n (τ ) is transformed to the channel response as Figure 1 shows the example of the channel fluctuation for two users. As shown in Fig. 1 , the channel fluctuation for each user is independent since the channel for each user is independent in the frequency domain. By using this characteristic, the subcarrier allocation with the MUDiv gain [8] is obtained by
Subcarrier allocation with MUDiv gain
where α n (k) is the selection parameter as
In this paper, since the channel response H n (k, i) is only known for i = 0 by the feedback, the channel response H n (k, 0) is utilized in Eq. (3). For the subcarrier allocation based on Eq. (3), we assume that the number of subcarriers for each user is equal and the subcarrier for the different user is not assigned in the same frequency. In this case, if N u = 2, N c = 2, and B = 1, the candidate of Eq. (3) is
Here, if J = J 1 , the subcarrier of k = 0 is assigned for the user n = 0 (i.e. α 0 (0) = 1) and the subcarrier of k = 1 is assigned for the user n = 1 (i.e. α 1 (1) = 1). Moreover, observing Eq. (3), this method depends on the block length B. For example, in B = 1, since all subcarrier channels are utilized to assign the subcarrier for each user, the best system performance is obtained in all users. However, it requires large computational complexity as (N c ) N u and requires also N c feedback information (FBI) for the subcarrier allocation. On the other hand, in B > 1, since the block subcarrier consists of several adjacent subcarriers as shown in Fig. 1 and it is only utilized to assign the subcarrier for each user. In this case, the system performance is degraded compared with B = 1. However, the computational complexity is reduced from (N c ) N u to Figure 2 shows the block diagram of the proposed system. At the transmitter, as shown in Fig. 2(a) , the binary data signal is coded by the convolutional code with the interleaving. After the serial-toparallel (S/P) conversion, the coded signal is modulated by a quadrature phase shift keying (QPSK). This signal for the user n is defined as d n (k, i) and is mapped in the frequency band based on Eqs. (3) and (4) as
MUDiv/OFDMA
The mapped signal x n (k, i) is converted to the time domain signal by the inverse FFT (IFFT) operation and guard interval (GI) is inserted. After the parallel-to-serial (P/S) conversion, the time domain signal x n (t) is given by where g(t) is the transmission pulse as
At the receiver, as shown in Fig. 2 
(b), the time domain signal y(t) is given by
where z(t) is additive white Gaussian noise (AWGN) with N 0 . After the S/P conversion and GI elimination, the time domain signal y(t) is converted to the frequency domain signal by the FFT operation as
where z(k, i) is AWGN with zero-mean and variance of 2N 0 /N c . To eliminate the channel response H n (k, i), the frequency domain signal y(k, i) is detected and is demapped as
wherex n (k, i) is the detected signal and thez n (k, i) is the detected error due to the AWGN before the demapping, respectively. λ n (k, i) is the channel weight and will be shown in Sect. 3. The demapped signal is demodulated by a QPSK. And then, after the P/S conversion and the decoding with the deinterleaving, the demodulated signal is returned to the binary data signal.
Compensation of deteriorated CSI allocation
In this section, we propose the compensation of the deteriorated CSI allocation due to the fast fading channel and the feedback delay. 
Fast fading and feedback delay
From [8, 14] , in small Doppler frequency and no feedback delay, since the terminal is not moved, the channel response H n (k, i) is kept as
As a result, the MUDiv gain is also kept between 0
However, in the fast fading channel and the feedback delay environments, H n (k, i) is not kept until the latter of the packet. As a result, the MUDiv gain is to be small. Figure 3 shows the example of the phase fluctuation of H n (k, i) with and without the feedback delay at the fast fading environment in a packet. In this paper, we assume that the initial CSI H n (k, 0) is only known. And then, as mentioned in Sect. 2.2, FBI is required to achieve the subcarrier allocation for each user with the MUDiv gain by using H n (k, 0). However, as shown in Fig. 3 , when Doppler frequency is high, the phase of H n (k, i) is changed between the head of i = N T and the latter of i = N T + N d − 1 of packets due to the fast fading channel [11, 12] . Moreover, if the feedback delay is occurred, it is more changed between N T = 0 and N T > 0 [14] . As a result, the MUDiv gain is to be small and the system performance is degraded. To solve this problem, several feedback for the CSI and subcarrier allocation are required in each ζth symbol. On the other hand, the proposed method reduces only one times for the feedback of the CSI and the subcarrier allocation, and compensates the deteriorated CSI due to the fast fading channel and the feedback delay in each ζth symbol at the receiver.
Decision direct
For 0 ≤ i < N T + ζ, since the difference between the initial and real CSI is small, the channel response
. Therefore, the channel weight λ n (k, i) utilizes also the initial CSI as
On the other hand, for i ≥ N T + ζ, since the difference between the initial and real CSI is large,
. To solve this problem, the proposed method utilizes the decision direct. Figure 4 shows the example of the proposed turbo decision direct. From [6, 7] , the decision direct generates the new channel weight λ v,n (k, ζ) to compensate the deteriorated CSI in each ζth symbol by using the detected signalx v,n (k, i). And then,x v,n (k, i) is also generated by using the
ζ . Therefore, the new channel weight λ n (k, mζ) is obtained by 
where ω n (k, i) andω n (k, i) are the error components due to the AWGN and the detected error, respectively. From Eqs. (12) and (13), the detected signalx n (k, i) is given bỹ
Observing Eq. (13), the proposed method obtains the new channel weight between mζ ≤ i ≤ (m + 1)ζ −1. However, since the proposed method utilizes the detected signalx n (k, i), the error component ω n (k, i) may be enhanced due to the detected error. To mitigate this error, the proposed method is averaged between the adjacent symbols as
andω n (k, i) is the small error component compared withω n (k, i). For the parameters ζ and N ave , the optimum value is necessary and will be determined by using the computer simulation in Sect. 4.
Turbo decision direct
In this subsection, we propose the turbo decision direct. As shown in Fig. 4 , this method repeats the same process as the decision direct for Eq. (15) N tb times to improve the accuracy ofx v,n (k, i)
andω n (k, mζ) is the small error component compared withω n (k, i). Moreover, as shown in [11, 12, 17] , the proposed method sets the threshold μ to prevent the deterioration due to the excess compensation as
For the parameters N tb and μ, the optimum value is necessary and will be also determined by using the computer simulation in Sect. 4. Finally, as shown in Eq. (10), the detected signalx
wherez N tb ,n (k, i) is the small error component compared withz v,n (k, i) for v < N tb .
Computational complexity
In [11, 12] , we derived the computational complexity for the decision direct as
From Eq. (20), the proposed turbo decision direct repeats the same process N tb times. Therefore, the computation complexity of the proposed turbo decision direct is given by
Computer simulation results
In this section, we evaluate the system performance of the proposed method by using the computer simulation. Tables I and II show the simulation parameters for the six cases. And then, Table III shows the channel model [16, 17] . In this simulation, we assume 4 users OFDMA systems. Moreover, the propagation channel is assumed as shown in Tables I to III. From Fig. 2 , at the transmitter, the original data signal is coded by the convolutional code for R = 1/2 and K = 7 with the interleaving. After the S/P conversion, the parallel signal is modulated by a QPSK and is assigned in the frequency band as shown in Eqs. (3) to (5) . The time domain signal is generated by the IFFT operation. After the GI insertion and the P/S conversion, the time domain signal is transmitted to the receiver via the propagation channel. At the receiver, after the S/P conversion and the GI elimination, the time domain signal is converted to the frequency domain signal by the FFT operation. The proposed method estimates the channel weight by using the turbo decision direct with the threshold based on Eqs. (20) and (22), and the frequency domain signal is detected by the zero-forcing (ZF) equalization as shown in Eq. (21). And then, the detected signal is demapped as shown in Eq. (23). After the QPSK demodulation, the detected signal is decoded by the Viterbi soft decoding algorithm with the deinterleaving.
Influence due to fast fading and feedback delay
In this section, we show the bit error rate (BER) performance with the influence due to the fast fading channel and the feedback delay. Table IV shows the evaluated energy per bit to noise power spectral Figure 5 shows the BER versus the feedback delay N T of the conventional method. For the cases 1 to 6, when f d is large, the BER performance is degraded due to the fast fading channel. Moreover, when N T is also large, the BER performance is more degraded due to the fast fading channel and the feedback delay. These reasons are that the fast fading channel and the feedback delay changes the CSI between the head and latter of packets, and the MUDiv gain based on the initial CSI is to be small. From the next section, we will determine the optimum value for the parameters ζ, N ave , N tb , and μ, and show the compensated BER performance by the proposed method. 
Decisions parameters ζ, N ave , N tb , and μ
In this section, we determine the optimum value for the parameters ζ, N ave , N tb , and μ. For the cases 1 to 6, E b /N 0 is utilized as show in Table IV . And then, Table V shows the evaluated feedback delay N T for each case. This is because they obtain the BER of about 1 × 10 −4 by the conventional method for Fig. 5 . Figures 6 to 11 show the BER versus the compensated interval ζ of the proposed method for the number of symbol averaging N ave = 1 to 9 at the cases 1 to 6. When ζ is small, the proposed method shows the bad BER performance. This is because the proposed method utilizes the received and detected signals from Eq. (13) and the new channel weight includes the error component. Therefore, in this case, the error is enhanced and the BER performance is degraded. Conversely, when ζ is large, the proposed method shows also the bad BER performance. This is because the compensation for the fast fading channel and the feedback delay is insufficient. Therefore, the proposed method requires the optimum value of ζ to mitigate the error. Also, when N ave is small, the proposed method shows the bad BER performance. This is because the proposed method has many errors in the small N ave . On the other hand, the proposed method shows the good BER performance in the optimum value for ζ and N ave . At the case 1, the proposed method shows the best BER performance in (ζ, N ave ) = (6, 6) . This is because the proposed method mitigates the error and compensates the influence due to the fast fading channel and the feedback delay. Similarly, at the cases 2 to 6, the proposed method shows the best BER performance in (ζ, N ave ) = (8, 8) , (8, 8) , (7, 7) , (9, 9) , and (9, 8) . Figure 12 shows the BER versus the number of iterations for the turbo equalization N tb of the proposed method at the cases 1 to 6. Here, the proposed method utilizes the optimum value for ζ and N ave of Figs. 6 to 11 at the cases 1 to 6. At the case 1, the proposed method shows the best BER performance in N tb = 7. This is because the proposed method mitigates the error by the turbo decision direct. Similarly, at the cases 2 to 6, the proposed method shows the best BER performance in N tb = 6, 6, 5, 7, and 8. Figure 13 shows the BER versus the threshold μ of the proposed method at the cases 1 to 6. As same Fig. 12 , we utilize also the optimum value for ζ, N ave , and N tb of Figs. 6 to 12 in the cases 1 to 6. At the case 1, the proposed method shows the best BER performance in μ = 0.05. This is because the proposed method prevents the excess compensation by using the threshold. Similarly, at the cases 2 to 6, the proposed method shows the best BER performance in μ = 0.15, 0.15, 0.15, 0.3 and 0.1. On the other hand, since these optimum values are small, we examine this reason. Figure 14 shows the BER versus μ of the proposed method for N tb = 1 at the cases 1 to 6. From Fig. 14 , since the optimum value of μ for N tb = 1 is 0.2 to 0.55, it is to be large compared with N tb ≥ 1 of Fig. 13 . Therefore, we consider that the optimum value of μ is to be small by the repeat process for the turbo equalization. For this reason, since the optimum channel weight λ v,n (k, i) for Eq. (22) is generated
As a result, the optimum value of μ for N tb ≥ 1 is to be small. Finally, the optimum value of ζ, N ave , N tb , and μ is determined from Figs. 6 to 13 at the cases 1 to 6, and is summarized as shown in Table VI . Therefore, we find that the proposed method is also effective in a Vehicular A model.
Conclusion
In this paper, we have proposed the compensation of the deteriorated CSI allocation due to the fast fading channel and the feedback delay based on the turbo decision direct for MUDiv/OFDMA systems. Since the CSI between the head and latter of the packets is changed due to the fast fading channel and the feedback delay, the MUDiv gain based on the initial CSI is to be small. The proposed method achieves the turbo decision direct by using the initial CSI, the detected signal, and the turbo equalization, and compensates the deteriorated CSI due to the fast fading channel and the feedback delay. Moreover, the proposed method sets the threshold to prevent the deterioration due to the excess compensation. From the computer simulation results, the proposed method has determined the optimum value for the compensated interval ζ, the number of symbol averaging N ave , the number of iterations for the turbo equalization N tb , and the threshold μ, and has shown the good BER performance at the six cases.
